Abstract
Results
Of 32,788 included patients, 417 (1.3%) had MN. Compared to other causes of ESKD, MN experienced lower mortality on dialysis (adjusted hazard ratio [aHR] 0.79, 95% CI 0.68-0.92, p = 0.002) and following kidney transplantation (aHR 0.57, 95% CI 0.33-0.97, p = 0.04), had a higher risk of death-censored kidney allograft failure (aHR 1.55, 95% CI: 1.00-2.41, p = 0.05) but comparable risk of overall kidney allograft failure (aHR 1.35, 95% CI 0.91-2.01, p = 0.13). Similar results were obtained using competing-risk regression PLOS 
Introduction
Membranous nephropathy (MN) is one of the most common types of glomerular disease and accounts for up to 20-40% of nephrotic syndrome in adults [1] [2] [3] . It is observed across all ethnicities and ages. Approximately, 70%-80% of cases of MN in adults are idiopathic and the rest are attributed to various secondary causes, including infections, autoimmune disorders and malignancy [2] [3] [4] [5] . Although it is reported to be one of the most common forms of primary glomerulonephritis (GN) to result in end-stage kidney disease (ESKD) and carries very high risk of recurrence following kidney transplantation (up to 40%) [5, 6] , the clinical outcomes of patients with MN receiving renal replacement therapy (RRT) have not been well described [4, 5, 7, 8] .
The aim of this study was to evaluate patient and/or allograft outcomes of dialysis or kidney transplantation in patients with ESKD secondary to MN, using data from the Australia and New Zealand Dialysis and Transplant (ANZDATA) Registry.
Materials and methods

Study population
This retrospective cohort study used the records of adult patients who commenced RRT from January 1998 to December 2010 which were extracted from the ANZDATA Registry on 31 st December 2013. And only those with enough data as listed in the following covariates part were analyzed. Patients were initially categorized into two groups according to the cause of ESKD: MN and all other causes. MN was diagnosed by kidney biopsy and clinical criteria [5, 9, 10] . In a secondary analysis, all patients with ESKD due to glomerulonephritis (GN) were separately categorized into MN and other GN groups. The study adhered to the Declaration of Helsinki, Istanbul. Research on ANZDATA Registry data was approved by the review board of Princess Alexandra Hospital (HREC/03/QPAH/32) and ANZDATA executive. The data were analyzed anonymously, so the written consent was not obtained.
The outcomes examined for dialysis patients were patient survival, dialysis-independent recovery of kidney function, and probability of receiving a kidney transplant. Dialysis patient survival analyses included only those patients who received dialysis as their first RRT. Recovery of kidney function was defined as the date of the last dialysis treatment without requirement for further RRT. For kidney transplant patients, outcomes included primary kidney disease recurrence in the allograft, allograft survival and patient survival. Onset of allograft failure was defined as the date of commencement of dialysis after transplantation. For patients who received more than one transplant, only survival of the first allograft was analyzed.
Statistical analysis
Patient characteristics were expressed as frequencies and percentages for categorical variables, mean ± standard deviation (SD) for continuous normally distributed variables, and median (interquartile range [IQR] ) for continuous variables that were not normally distributed. Characteristics of ESKD secondary to MN were compared to those of ESKD due to other causes using Pearson's chi-square for categorical variables, two-tailed unpaired t-tests or Mann-Whitney tests for continuous variables, depending on data distribution.
Time-to-event outcomes were analyzed using multivariable Cox proportional hazards regression. Patient survival on dialysis was censored for kidney function recovery, loss to follow-up, kidney transplantation and end of study. Patient survival for kidney transplant recipients was censored for allograft failure, loss to follow-up and end of study. Death-censored kidney allograft survival was censored for death, loss to follow-up and end of study. Covariates included in the Cox models were age, gender, racial origin, dialysis era or transplant era, first RRT treatment, smoking status, body mass index (BMI), late referral (referral to a renal unit within 3 months of RRT commencement), and comorbidities recorded at registry entry (including cerebrovascular disease [CVD] , coronary artery disease [CAD], diabetes mellitus [DM], peripheral vascular disease [PVD] and chronic lung disease). Donor type and the number of previous kidney transplants were additional covariates examined for the survival analysis of transplant patients. Proportional hazards assumptions were checked by formal hypothesis testing and graphically display of Schoenfeld residuals. In view of the possibility of informative censoring due to differential competing-risk rates between patients with and without MN, sensitivity analyses were performed using a competing-risk approach: kidney transplantation and kidney function recovery were competing events in the survival analysis for patients on dialysis; kidney transplantation was the competing risk for dialysis-independent kidney function recovery; patient death was the competing risk in kidney allograft survival and allograft failure was the competing risk for patient survival after kidney transplantation. Statistical analysis was performed using Stata version 14.0 (StataCorp., College Station, TX). P values <0.05 were considered to be statistically significant. peritoneal dialysis (PD) as the first RRT (30% vs 26%). Also, they were less likely to be referred late to renal units (18% vs 24%) (S1 Table) .
Results
Patient characteristics
Patient survival on dialysis
There were 169 deaths (44%) amongst MN patients (132 per 1000 patient-years) on dialysis compared to 17,947 (57%) patients with ESKD from other causes (212 per 1000 patient-years; p<0.001). There was no difference in the causes of death between MN and other causes of ESKD (S2 Table) . Respective adjusted patient survival rates at 1, 5, and 10-years were 98%, 81% and 58% for MN and 93%, 65% and 36% for other ESKD causes (Fig 2) . ESKD from MN was associated with a significantly lower mortality risk (adjusted hazard ratio When patients with MN were compared to patients with other forms of GN, comparable survival was observed in both Cox regression analysis (aHR 0.94, 95% CI 0.80-1.10, p = 0.42) and competing risk analysis (SHR 0.87, 95% CI 0.74-1.03, p = 0.10).
Recovery of dialysis-independent kidney function
Recovery of kidney function occurred in 10 MN patients (3%), 523 patients with other causes of ESKD (2%, p = 0.17) and 134 patients with other Glomerulonephritis (2%, p = 0.27). MN 
Primary kidney disease recurrence in kidney transplants
Characteristics of patients with ESKD due to MN who underwent their first kidney allograft compared to all other ESKD patients or compared to other types of GN are listed in Table 2 and S3 Table, respectively. Nineteen MN patients (11.4%) experienced MN recurrence in their allografts after a median time of 3.6 (1.0-4.7) years, which progressed to allograft loss in nine patients (47%) after a median time of 3.0 (1.7-3.9) years from the diagnosis of recurrence (S4 Table) . 
Kidney transplant allograft survival
A total of 167 (40%) patients with MN received 172 kidney allografts during the study period.
Respective unadjusted first allograft survival rates at 1, 5, and 10-years were 98%, 92% and 76% in patients with MN and 97%, 92% and 82% in patients with other causes of ESKD. The risk of first allograft loss was not significantly associated with MN (aHR 1.35, 95% CI 0.91-2.01, p = 0.13 when compared with all other ESKD, Fig 3; and aHR 1.43, 95% CI 0.95-2.14, p = 0.08 when compared with other forms of GN). Causes of allograft failure were shown in S5 Table. Glomerulonephritis was a more common cause of allograft loss in patients with MN than in those with other causes of ESKD (38% vs. 8%). 
Kidney transplant patient survival
The unadjusted patient survival rates for transplant patients at 1, 5 and 10-years were 97%, 95%, 89% for MN, and 98%, 92%, 80% for other ESKD, respectively. The causes of death were shown in S5 Table. The risk of all-cause mortality was significantly lower in patients with MN (aHR 0.57, 95% CI 0.33-0.97, p = 0.04) (Fig 4) . A similar result was observed using competingrisk analysis (SHR 0.55, 95% CI 0.32-0.94, p = 0.03) (S6 Fig). When patients with MN were compared to patients with other forms of GN, no significant difference in patient survival was observed using either Cox regression analysis (aHR 0.64, 95% CI 0.37-1.11, p = 0.11) or competing-risk analysis (SHR 0.63, 95% CI 0.35-1.10, p = 0.10).
Discussion
This retrospective, multicenter, two-countries registry analysis demonstrated that MN was independently associated with lower mortality, higher transplantation rates and comparable dialysis-independent kidney function recovery during dialysis treatment compared with other causes of ESKD. Following first kidney transplantation, MN was associated with comparable overall allograft survival, higher recurrence and inferior death-censored allograft survival but better patient survival compared to other ESKD. When only patients with ESKD secondary to glomerulonephritis were taken into consideration, the outcomes of patients with MN were similar to those with other forms of GN, except that MN was associated with higher rates of kidney transplantation, higher primary kidney disease recurrence rates after transplantation and inferior death-censored allograft survival. Preceding studies of clinical outcomes in patients with MN have primarily focused on earlier stages of chronic kidney disease prior to reaching ESKD [5, [11] [12] [13] [14] . The findings of the present study share some similarities with those of a previously published US Renal Data System (USRDS) study of survival outcomes in 84,301 patients with ESKD attributed to glomerulonephritis [8] , which observed considerable (>4-fold) variability in overall mortality rates across glomerulonephritis subtypes. The present study similarly demonstrated heterogeneity in clinical outcomes in patients with ESKD according to type of glomerulonephritis, in that patients with MN experienced a higher rate of primary kidney disease recurrence and deathcensored allograft loss than patients with other forms of glomerulonephritis. In contrast, no differences were observed for dialysis or transplant patient survival. However, the results of the two studies were not comparable because of the different comparator (non-MN glomerulonephritis versus IgA nephropathy), different survival analyses (separated versus combined dialysis and kidney transplant analyses), and higher amounts of missing data in the USRDS study (0.5% at the utmost vs 32%).
Interestingly, 3% of patients commencing dialysis for ESKD secondary to MN experienced kidney recovery and were able to stop dialysis. Whilst the frequency of this event was not significantly different to that experienced by patients with other causes of ESKD or other forms of glomerulonephritis, the findings do support those of the previous ANZDATA registry analyses [15, 16] and highlight that caution should be exercised when considering early kidney transplantation in ESKD patients. Previous ANZDATA studies reported the common reasons [15, 16] for recovery were autoimmune renal disease, hemolytic-uremic syndrome, paraproteinemia, cortical necrosis, renovascular disease, and obstructive uropathy. Macdonald [16] reported recovery was significantly more likely in patients with higher baseline eGFR, and with no hypertension or peripheral vascular disease.
Nonetheless, patients with ESKD due to MN were significantly more likely to receive kidney transplantation compared to patients with other ESKD or other glomerulonephritis. This finding was perhaps not altogether surprising given that patients with MN were less likely to be referred late to a renal service and demonstrated less comorbidity burden. However, even after adjustment for these variables, MN patients were still significantly more likely to undergo kidney transplantation, suggesting some residual confounding factors. These results contrast with the findings of a USRDS study in which patients with MN were significantly less likely to receive transplantation compared to those with IgA nephropathy (HR 0.88, 95% CI 0.83-0.93) [17] . However, these data cannot be directly compared due to different reference groups (all other GN/ESKD vs. IgA nephropathy).
Following kidney transplantation, patients with MN experienced worse death-censored graft survival rates compared to patients with other causes of ESKD or patients with other forms of glomerulonephritis. Similar results were reported by Moroni et al [7] in which death-censored kidney allograft survival rates were lower in 35 first kidney transplant patients with MN in a single Italian center compared with 70 contemporary transplant controls (graft survival at 5-year: 82% vs 90%, at 10-year: 58% vs 69%). Although the result was not quite statistically significant (p = 0.06), the statistical power was limited by the relatively smaller sample size (n = 35) compared to that of the present study (n = 167). Using data from the UK Renal Registry, Pruthi et al also demonstrated higher kidney allograft failure rates in kidney transplant recipients with MN compared with those with autosomal dominant polycystic kidney disease (ADPKD, aHR 2.0, 95% CI 1.4-2.9) [18] . Similar results regarding the higher death-censored allograft failure risk were reported for patients with MN in the analysis of transplant patients with GN in a European Renal Association-European Dialysis and Transplant Association Registry study (n = 14383, aHR 1.65, 95% CI 1.40-1.95 at 15-year) compared with ADPKD [19] and a USRDS study [20] (n = 32,131, HR 1.27, 95% CI 1.14 to 1.41) compared with IgA nephropathy.
A significant factor underpinning the reduced allograft survival rate in patients with MN was the relatively frequent recurrence of MN in the kidney allograft. In the present study, the biopsy-proven recurrence rate of MN after kidney transplantation was 11.4% after a median time period of 3.6 years, which was at the lower end of the range in the literature (7%-44%) [3, 7, [21] [22] [23] [24] [25] [26] [27] . The variability in reported rates of recurrence was primarily related to difference in follow-up durations and indications for performing a kidney transplant biopsy (clinical only versus routine surveillance protocol) [21, [27] [28] [29] . Estimation of the rate of recurrence of MN in kidney allografts was further complicated by the fact that de novo MN can occur in kidney allografts with a reported incidence of 0.7-9.3% [26, 27, [30] [31] [32] [33] . Of those patients who experienced MN recurrence in the present study, 47% progressed to allograft failure after a median period of 3.0 years from the time of diagnosis of recurrence. Again, this was similar to what has been reported in the literatures (40%-69%) [5, 21, 24-26, 34, 35] .
Despite poorer death-censored graft survival, overall patient survival in patients with MN was superior to that of patients with other causes of ESKD and similar to that of patients with other forms of glomerulonephritis, such that overall allograft failure was comparable amongst these groups. Similar graft survival between MN and other GN were found in a previous smaller ANZDATA Registry study involving 81 transplant patients with MN (unadjusted HR 1.58, 95% CI: 0.71-3.50) [24] and a Taiwan study of 85 post-transplantation glomerulonephritis including eight cases with MN (p = 0.46) [25] . With regard to patient survival after transplantation, the results in a few studies [5, 17, 18, 33] , all with small patient numbers and different comparator group, have generally been comparable. Similar patient survivals for MN were found in a UK registry study involving 183 patients with MN compared to ADPKD (aHR 0.91, 95% CI 0.61-1.36) [18] and a study by Moroni et al of 35 patients with MN compared to other ESKD (96% vs 88% at 15-year, p = 0.6) [7] . Sprangers et al reported that recurrent MN (n = 15) was not a predictor of patient survival [22] . However, higher mortality of MN after transplantation was observed in a study using USRDS data with 2,249 patients with MN compared with IgA nephropathy (HR 1.52, 95% CI 1.34-1.72) [20] . The apparent lack of adverse impact of MN on patient survival despite poorer death-censored kidney allograft survival in our study might be related to improvements in immunosuppressive therapy. The anti-PLA2R antibody in the serum is unlikely to have had an impact as the study period was prior to the introduction of this antibody in clinical practice [22, [36] [37] [38] . Patients with MN also had a number of favorable characteristics for survival, including greater frequency of early renal service referral and a higher likelihood of pre-emptive kidney transplantation. Furthermore, compared to patients with ESKD from other causes, MN patients exhibited fewer comorbidities. Although these characteristics had been adjusted for in the statistical models, the possibility of residual confounding remained.
The strengths of this study included its large sample size and inclusiveness. These strengths should be balanced against the study's limitations, which included heterogeneity in ESKD care and limited depth of collected information. Even though adjustment was made for a number of demographic, clinical and RRT variables, residual confounding was possible. The ANZDATA Registry does not collect information on the reasons for recovery of renal function, presence of nephrotic syndrome, anti-PLA2R antibody measurements or immunosuppressive treatment of post-transplant recurrence. Some patients with MN may have had secondary MN. The frequency of MN recurrence in kidney allografts may have been under-estimated as not all MN patients who experienced kidney allograft failure may have received a kidney biopsy.
In conclusion, MN was associated with superior survival on dialysis and following kidney transplantation compared to patients with other causes of ESKD, but higher rates of deathcensored allograft loss as a result of MN recurrence. Compared to patients with other forms of glomerulonephritis, patients with MN have comparable dialysis and kidney transplant outcomes, except for higher death-censored graft failure and disease recurrence rates. These findings should be used to better inform shared decision-making by patients with MN and clinicians regarding ESKD care. 
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